
PAPERS

Thermal environment and sudden infant death syndrome:
case-control study

Anne-Louise Ponsonby, Terence Dwyer, Laura E Gibbons, Jennifer A Cochrane, Michael E Jones,
Michael J McCall

Menzies Centre for
Population Health
Research, University of
Tasmania, Hobart,
Tasmania, Australia 7000
Anne-Louise Ponsonby, MB,
research fellow
Terence Dwyer, mD, director
Laura E Gibbons, MS,
biostatistician
Jennifer A Cochrane, BA,
research officer
Michael E Jones, MS,
biostatistician

Tasmanian Ambulance
Service, Hobart,
Tasmania, Australia 7000
Michael J McCall, MAIAO,
clinical instructor

Correspondence to:
Dr Ponsonby.

BMJ 1992;304:277-82

Abstract
Objective-To compare the thermal environment

of infants who died of the sudden infant death
syndrome with that of age matched control infants.
Design-Case-control study. Infants who died

were matched with two controls, one for age and one
for age and birth weight. Thermal measurements
were conducted at the death scene for cases and at
the scene of last sleep for control infants, who were
visited unexpectedly within four weeks of the index
infant's death on a day of similar climatic conditions.
A follow up questionnaire was administered to
parents of cases and controls.
Setting-The geographical area served by the

professional Tasmanian state ambulance service,
which includes 94% of the Tasmanian population.
Subjects-41 infants died of the sudden infant

death syndrome at home; thermal observations at
death scene were available for 28 (68%), parental
questionnaire data were available for 40 (96%). 38
controls matched for age and 41 matched for age and
birth weight.
Results-Cases had more excess thermal insula-

tion for their given room temperature (2.3 togs) than
matched controls (0.6 togs) (p=0009). For every
excess thermal insulation unit (tog) the relative risk
of the sudden infant death syndrome was 1X26
(95% confidence interval 1-05 to 1-52). The average
thennal bedding value calculated from parental
recall was similar to that observed by attendant
ambulance officers (mean difference=0*4 tog,
p=039). Cases were more likely to have been found
prone (odds ratio 4-58; 1-48 to 14-11). Prone sleep-
ing position was not a confounder or effect modifier
of the relation between excess thermal insulation
and the syndrome.
Conclusions-Overheating and the prone sleeping

position are independently associated with an
increased risk of the sudden infant death syndrome.
Further work on infant thermal balance and sudden
infant death is required and guidelines for appro-
priate infant thermal care need to be developed.

Introduction
Descriptive epidemiological studies of the sudden

infant death syndrome have shown a winter excess of
cases in most countries.' Analytical studies have pro-
vided further evidence ofan inverse association between
the syndrome and climatic temperature.23 Falls in
climatic temperature have been related to an increased
incidence ofthe sudden infant death syndrome about six
days later in England and Australia.45 A north to south
geographical gradient of increasing incidence of the
syndrome exists in both Australia and New Zealand and
the regional incidence within these countries is
inversely related to mean annual temperature.6

Mechanisms proposed to explain the association
between the sudden infant death syndrome and
low temperature include hypothermia, increased viral
illness, and indirect hyperthermia, the last being due to
altered child care practices in response to cold weather.
Recent work has shown that some infants do experi-
ence thermal stress and has also provided evidence that
infant hyperthermia may play a part in the aetiology of
the sudden infant death syndrome.

In New Zealand some infants have been found to be
inappropriately dressed for their thermal environment,
and the insulation of such infants was correlated with
external but not room temperature.7 In the United
Kingdom a study on the overnight environment of
infants found that parents increased thermal insulation
by 188% for only a 4-4 °C drop in room temperature.8
Case series have provided evidence of overheating in
some sudden infant deaths9'0 and postmortem changes
consistent with heatstroke for some infants."l Bass
investigated four cases of simultaneous cot death in
twins and found an overheated environment was a
common factor.'2 In New York a study based on
investigation of the scene where death occurred,
conducted within a week of death, found evidence of
overlying, asphyxia, or hyperthermia in some of the
cases studied. 1' Nelson et al have proposed a theoretical
model of thermal balance which implicates hyper-
thermia and the prone sleeping position in the sudden
infant death syndrome.'4 They propose that particular
cultural combinations ofinfant care practices (sleeping
position, clothing, bedding, and room heating) may
facilitate hyperthermia and explain widely disparate
rates of the syndrome in different countries and ethnic
groups. In the United Kingdom, Fleming et al found
that babies dying of the syndrome were more likely to
be prone, be heavily wrapped, and to have had heating
on all night when compared with population based
controls.'5 They concluded that overheating and the
prone position were independently associated with an
increased risk of sudden infant death. This study has
important public health implications, but the findings
have been criticised as information was collected by
interview with bereaved parents and hence subject to
recall bias.' 17

It has been recommended that the role of thermal
balance in sudden infant death should be assessed
with investigation of the death scene by a trained
observer.7 14 We report the observed thermal environ-
ment at the death scene of babies who died of the
sudden infant death syndrome and control infants
matched for age and birth weight. We examined room
temperature and thermal insulation.

Subjects and methods
The source population consisted of all infants resid-

ing in the geographical area served directly by the
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professional state ambulance service. Professional
ambulance officers cover 94% of the Tasmanian popu-
lation directly. Case infants were those who died
suddenly at home from birth to 1 year of age and who
were later classified as having died of the sudden infant
death syndrome after postmortem examination. For
each case two control infants were selected from the
same hospital as the index case (35 cases) or from the
nearest participating hospital in the same region as the
index case (six cases) by using hospital maternity
records. Control A was matched for age (so that the
control infant would be the same age at interview as the
index case was at death) and control B was matched for
age and birth weight (<1500 g, 1500-2499 g, -2500 g).
We investigated the thermal environment at the

scene of death for cases and scene of last sleep for
control infants. Meteorological information for the day
was obtained from regional weather stations. For cases
the thermal environment was measured by the ambu-
lance officers attending the scene of an infant's death.
Ambient room temperature was measured with a
Brennan alcohol based thermometer placed near the
head of the infant's bed. The quantity and type of
clothing and bedding were observed and recorded.
Home heating, ventilation, window condensation, anrd
sleeping arrangements were also observed. External air
temperature was recorded by a Brennan alcohol based
thermometer within 200 m of the home. Information
on the position in which the deceased infant was found
was requested from the parents. Additional informa-
tion was obtained, including the degree of facial
obstruction of the infant at discovery and some
findings from external examination of the infant,
such as body temperature. The ambulance officers
were trained in death scene investigation using the
same clinical instruction process that applies to other
emergency settings. In addition, a written set of in-
structions was placed in each ambulance which officers
followed if called to a sudden unexpected infant death.
A comprehensive verbal questionnaire was adminis-

tered to the bereaved parents six weeks after their
baby's death. This included details on housing,
heating and ventilation patterns, infant feeding,
exposure to tobacco smoke, usual sleeping position,
movement during sleep, sweating during sleep,
parental age, education and employment, infant illness,
immunisation, medical and child health clinic care,
and postnatal growth.

Control infants were usually visited within four
weeks of the death of the index baby (74% (40/54)
visited within two weeks, 98% (53/54) visited within
four weeks). The visit was conducted on a day with a
similar minimum temperature to the day on which the
index baby died. Control interviews were not pre-
arranged and parents were invited to participate at the
door step. This was done to avoid the measurement
bias that could have occurred if the parents were
expecting the visit and therefore changed the condi-
tions of the infant's room to give a more favourable
impression. Visits were conducted at a similar time of
day to that at which the index death was discovered.
The thermal environment was measured in the room
where the infant was sleeping or had slept. The
questionnaire was administered directly after measur-
ing the thermal environment or as soon as possible
thereafter.

All infants dying suddenly and unexpectedly in
Tasmania during the study received a postmortem
examination by a hospital pathologist. Toxicological
and bacteriological studies were routinely performed.

ASSESSMENT OF THERMAL RESISTANCE

The total thermal resistance for each infant's
clothing and bedding was calculated in a similar
fashion to that used in a previous study of the

sudden infant death syndrome and infant clothing
and bedding.'5 Calculations were based on published
values for the thermal resistance ofeach material. I The
values were expressed in togs (the tog value of a fabric
is defined as 10 times the temperature difference in
°C between its two faces when the heat flow is equal to
1 w/m2). For example, the thermal resistance of an
unbrushed blanket is 1 5 tog. An estimate of the
proportion of surface area covered by each item and
these tog values were then used to calculate an effective
total thermal resistance for the coverings of each
infant.'5 The tog value for bedding items which were
swaddled around the infant was multiplied by two to
adjust for the increased thermal resistance introduced
by swaddling. Blankets and other bedding were esti-
mated to cover 80% of the infant's surface area. This
means that the effective thermal resistance of an
unbrushed blanket was calculated to be 1-2 tog.

Typical values of the thermal resistance of Aust-
ralian adult quilts and some infant bedding items were
obtained from the division of wool technology of the
Commonwealth Scientific and Industrial Research
Organisation (G R S Naylor, personal communication).
The thermal resistance of various types of infant quilts
was measured and a weighted average tog value for
polyester cot quilts was determined by combining
these results with the distribution of infant polyester
quilt types found in the concurrent Tasmanian cohort
study. These values were used in the calculation of the
infant's total thermal resistance. A thermal balance
model has been devised by the Shirley Institute,
Manchester (E Clulow, personal communication), to
provide the thermal insulation required for thermal
equilibrium of the healthy sleeping infant at various
room temperatures, allowing for the body surface
area covered by various items and assuming heat is
uniformly lost over the whole body. The model is
based on the formula of Burton and Edholm'9 and gives
a theoretical tog value for a range of temperatures. For
example, in a room at 8 °C, the amount of thermal
insulation required would be 7 2 tog; at 20 °C, 3 8 tog;
and at 28 °C, 1-5 tog. These tog values have been
adjusted to allow for the body surface area covered by
various items. We used this model to define the extent
to which a given infant is inappropriately dressed for a
given room temperature.

STATISTICAL METHODS

The model for thermal balance was used to assess the
relation between room temperature and the total
thermal insulation (tog) value for the clothing and
bedding over the infant. The difference between the
observed tog value and the tog value recommended for
the room temperature by the model was assessed as a
risk factor and will be referred to as excess thermal
insulation. The odds ratio and 95% confidence interval
were calculated by conditional logistic regression20
with epidemiological graphics, estimation- and testing
(EGRET) 0.25.1 software, or a variation of the Mantel-
Haenszel test2' with Epi InfoS.01 software from the
Centers for Disease Control, United States. These
methods preserve the matching of cases and controls in
the analysis, allowing each case to be compared directly
with its controls. For continuous variables analysis of
variance was used to assess differences between cases
and controls. This method also preserved the matching
between cases and controls and is analogous to a paired
t test. An unpaired t test was used to compare
mean values within the case or control group. These
procedures were conducted with SAS 6.03 software.
Variables thought to be associated with excess thermal
insulation values or the sudden infant death syndrome
were considered as possible confounders and inter-
actions between extra togs and other factors were
examined. One set of controls was additionally
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matched for birth weight because previous work had
suggested that the thermal environment of an infant
might be influenced by birth weight. We found no
evidence of an association between excess thermal
insulation and birth weight and the two groups were
pooled. The effect of birth weight on the association
between excess thermal insulation and the sudden
infant death syndrome was also examined.

Age (completed weeks)

1-4
5-8
9-12
13-16
17-20
>20

Results
From 1 October 1988 to 5 September 1990, 41

infants died suddenly at home and were later found to
have died of the sudden infant death syndrome. In six
of these cases the ambulance did not attend the home:
in three the infant was taken directly to hospital, in two
the family doctor was called, and in one the infant was
taken to a friend's house. In 35 cases, an ambulance
was called to the home and in 28 (80%) the entire
thermal environment protocol was conducted. This
report is based on these 28 cases. Reasons for non-
completion of the protocol included active resuscita-
tion with transport to hospital and parental request.
The follow up questionnaire was conducted in 40 of the
41 cases. The initial response rate for all controls
(n=79) was 84%. The main reason for non-response
was inability of the interviewer to contact the initial
control family at home within the specified time
constraints. If the initial control was a non-respondent
a new control infant was selected. Of the 28 case
infants, 26 had both controls. Two index infants were
matched with only one infant (for age and birth
weight). Table I shows the age distribution of cases.
The age of the 54 control infants was within 7 days of
age for 23 and of the 28 index cases and within 14 days
for all cases.
The minimum temperature on the day of death of

the cases was within 1 °C of the minimum day
temperature at assessment for 31% (17) of controls and
within 3 °C for 67% (36) of controls. There were
no significant differences in minimum temperature,
maximum temperature, humidity, wind speed, dew
point, visibility, or cloud cover between the case and
control groups on the day of measurement. Of the 28
case infants six died in autumn, 11 in winter, six in
spring, and five in summer.

For cases, the time between discovery of the
deceased infant and measurement of room temperature
was small; in over half the cases room temperature was
measured within 30 minutes of discovery of the infant
(table II). We found no evidence of a trend of
decreasing room temperature with increasing delay
in measurement. Parents were asked at follow up inter-
view if they had opened the external door of the house
or altered the window, door, or heating of the infant's
room before the ambulance attended. For the 14 cases
whose families had done one or more of the above, the
mean room temperature (18- 1 °C) was not significantly
different from that (18 2 °C) for cases whose parents
had not altered the infant's environment (p=0 93). For
controls, the room temperature was slightly lower for
the nine infants who were asleep during interview
(15 8 °C) than for the 45 who were awake (16-8 °C),
although this difference was not significant (p=0 56).
The thermal environment was measured at night
(12.01 am-6.00 am) for one case and no controls; in
the morning (6.01 am-12 noon) for 19 cases and
37 controls; in the afternoon (12.01 pm-6.00 pm)
for one case and five controls; and in the evening
(6.01 pm-12 midnight) for seven cases and 12 controls.

RISK FACTORS

Table III shows matched univariate odds ratios with
95% confidence intervals for variables concerning the
thermal environment. For cases all data except for

those on illness were collected by ambulance staff.
Signs and symptoms ofillness in the days preceding the
death were recorded at follow up interview. The
variable illness is composite and refers to the presence
of snuffles, cough, noise in chest, fever, and episodes of
vomiting or diarrhoea, or both, in the day preceding or
the day of interview or death.

TABLE Itt-Risk factors for sudden infant death associated with
thermal environment

Univariate 95% Confidence
Risk factors odds ratio* interval

Continuous:
S 'C Increase in roomair temperatulre 1-57 0-85 to 2-91
1 Tog increase in thermal insulation 1-17 099 toI -38
5 'C Increase in external air temperature 1-10 0-49 to 2-49

Dichotomous (reference group in brackets):
Thermal insulation=6-10 togs
(Thermal insulation <6 togs) 1-36 0-48 to 3-85
Thermal insulation= --10 togs
(Thermal insulation <6 togs) 3-78 0-63 to 22-65
Found prone after last sleep
(Not found prone after last sleep) 4-58 1 -48 to 14- 11
Home heating on during part or all of intervalt
(No home heating on during time intervalt) 10-50 1-30 to 85-05
Infant swaddled during last sleep
(Infant not swaddled during last sleep) 2-90 0-87 to 9-68
Ventilation grate in room
(No ventilation grate in room) 0-45 0- 15 to 1 38
Open door in room during last sleep
(Closed door in room during last sleep) 0-39 0-12 to 1-23
Window condensation in room
(No window condensation in room) 0-36 0-07 to 1 -90
History of recent illness
(No history of recent illness) 2-33 0-78 to 6-98

*Based on conditional logistic regression.
tHome heating on during interval since infant last seen alive and to time
found dead or comparable period for control infants.

The average room temperature for cases (18 1 °C)
was higher than that for controls (16-6 °C) but this was
not significant (p=0 - 15). The external air temperature
was similar (case mean= 12-6 °C, control mean=
12 1 °C, p=0 83). Average thermal insulation over the
infants was higher in cases (6-6 tog) than controls
(5 3 tog; p=0 05).

Cases were significantly more likely to have been
found in the prone position (odds ratio 4 58). In
addition, cases were more likely to have had heating on
in the house during the time last seen alive to time
found dead compared with the same period for controls
(odds ratio 10 50). The matched odds ratio is high
because although 17 of the cases were concordant with
regard to home heating when compared with their
matched control group, in all but one of the discordant
sets the case had heating on but at least one of the
matched controls did not.

Table IV shows matched univariate odds ratios with
95% confidence intervals for variables measured by
verbal questionnaire. Information for one case was not
complete. Cases were more likely to have been born to
young mothers or mothers who smoked, to have been
bottle fed, and to have usually slept in the prone

TABLE IV-Maternal and infantfactors affecting risk ofsudden infant
death

Univariate 950/% Confidence
Risk factors (reference group in brackets) odds ratio* interval

5 Year increase in maternal age 0-42 0-22 to 0-78
Male infant
(Female infant) 1 f00t 0-39 to 2 56t
Maternal postnatal smoking
(No maternal postnatal smoking) 5-69 1-87 to 17-29
Some breast milk
(Formula milk only) 0-38 0- 14 to 1-02
History of sweating during sleep
(No history of sweating during sleep) 1-95 0-80 to 4-71
Usual sleeping position prone
(Usual sleeping position not prone) 5-97 1-69 to 21-11
Maternal education > 10th grade
(Maternal education 610th grade) 0-53 0-20 to 1-44
Birth order in family >1
(Birth order 1) 2-33 0-78 to 6-98

*Based on conditional logistic regression.
tBased on a variance estimator for the Mantel-Haenszel odds ratio.
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TABLE I-Age at death in infants
who died of sudden infant death
syndrome

No of
infants

3
8
5
7
2
3

TABLE II-Time between initial
discovery ofcase infant and
measurement of room
temperature

Time (minutes)

0-15
16-30
31-45
46-60
>60

No of
infants

4
11
7
1
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TABLE v-Difference in thermal
insulation reported for infants by
parents and by ambulance
officers

No of
Difference in thermal infants
insulation (togs) (n=27)

-49to-4 1
-39 to-3
-2-9to-2 2
- 19 to - 1 3
-09 to -O 1 4
o 5
0 1toO9 5
1 0to 19 2
2-0to2-9 1
3-0 to 39
4-0to4-9 4

TABLE VI-Excess thermal
insulation in case and control
infants

No of infants

Excess thermal Cases Controls
insulation (togs) (n=28) (n=54)

<-4 1
-4to-2l1 2 5
-2to-01 4 21
Oto1o9 7 13
2to3-9 5 11
4to5-9 4 3
6to7-9 4 1
¢8 1

position. The average birth weights were 3020
confidence interval 2775 to 3264 g) for cases,
(3278 to 3624 g) for controls matched for ag
3070 g (2787 to 3353 g) for controls matched
and birth weight. Sixty three per cent (17/27) c
had a history of occasional or frequent sweating
sleep compared with 44% (23/52) of matched cc
30% (8/27) of cases and 8% (4/52) of matched cl
had a history of sweating to the degree that b
sweat were visible on the infant's brow or the i
clothes became wet. Swaddling during last sle
inversely associated (p= 0 01) with room tempe
Body temperature was measured in 22 of

cases. Four of the 19 infants who had rectal te
ture measured were found to have a core temp
of 37 °C or greater and eight had temperati
33-35 'C. Three infants who had only armpit te
ture recorded had temperatures of 33 °C, 35 c
36 'C. The average period between the time the
was last seen alive and the time of the recordi
seven hours.

In 25% (7/28) of cases ambulance officers note
of perspiration (on the infant or bed clothes).
(39%) were reported to the ambulance officer
found face down in the prone position and tw
reported to have been entirely under the beddir

Information on bedding was recorded by ami
staff and at interview for 27 of the 28 cases (ta
The average tog value of bedding reported by I
five weeks after the death was slightly highc
that reported by ambulance staff (mean diffei
0 4 tog), but this difference was not sigi
(p=039).6 For the five cases whose bedding
differed by more than 4 togs the ambulance
(parental report) was as follows: case one, tw(
(one quilt); case two, one layer of quilt (larg
doubled over); case three, bedspread (quilt); ca,
the five, no quilt (quilt on top of other bedding)
THERMAL ENVIRONMENT MODEL

Thermal insulation over each infant was
against room temperature (figure). To assess ft
the thermal environment of each infant, the dif
between the infant's observed tog value a
theoretical tog value recommended for the ol
room temperature (as denoted by the black lit
assessed as a risk factor. The units of this risl
were therefore defined in togs and called
thermal insulation, with the result that infan
were underdressed for a given room temperatur
negative value. Table VI shows the excess t

30 n
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insulation distribution of cases and controls. The mean
value for excess thermal insulation was 2 3 (SD 3 4)
togs for cases and 0-6 (SD 2-3) togs for controls. Thus
cases were more likely to be overdressed for room
temperature than control infants (p=0 -009).

Conditional multiple logistic regression was used to
compare the excess thermal insulation in cases and
controls. For every excess thermal insulation unit the
relative risk of the sudden infant death syndrome was
1-26 (95% confidence interval 1-05 to 1-52) with the
ambulance staff report of bedding. For example,
infants with two extra togs of thermal insulation than
the model recommended were 1-6 times more likely to
be cases than controls and infants with four excess togs
were 2 5 times more likely to be cases. This risk
estimate did not change if the additional loading for
swaddling was removed from the method ofcalculation
of the thermal insulation, confirming that the asso-
ciation was not due to more cases being swaddled
during last sleep than controls. Substitution of the
bedding value reported by parents for that observed by
ambulance staff gave a similar estimate of risk: for
every excess thermal insulation unit (tog) the relative
risk was 1-38 (1-09 to 1-73).

ig. THERMAL ENVIRONMENT AND ILLNESS

bulance Excess thermal insulation was positively associated
ble V). with illness in cases and controls. The average excess
parents thermal insulation was higher in the 21 case infants
er than with illness (mean 2-7 tog) than in the six without
rence= illness (0-28 tog; p=0-13). The average excess thermal
nificant insulation was also higher in the 32 controls with
reports illness (0-93 tog) than in the 22 without illness (0 03)
report tog; p=0 17). Both cases and controls with illness

D quilts were more likely than healthy infants to have been
Ye quilt excessively dressed for their given room temperature,
ses four though due to the small numbers in each group the

differences were not significant.
We then examined whether the finding of a positive

association between the sudden infant death syndrome
plotted and excess thermal insulation reflected the fact that
ormally case infants were more likely to have had illness and
ference infants with illness were more likely to have been
nd the overdressed. This was done by treating illness as a
bserved confounder in the multivariate model. After adjusting
ne) was for effect of illness on the association between
k factor excess thermal insulation and the sudden infant death
excess syndrome for every excess thermal insulation unit the

its who risk of the syndrome increased 1-20 times (0-99 to
re had a 1.46). If the bedding value obtained by parental recall
thermal was used the risk increased by 1 35 (1 07 to 1-70) for

every unit of excess thermal insulation. Thus excess
thermal insulation is a risk factor independent of the
presence of illness.

~ight Prone sleeping position, maternal smoking, maternal
age, external air temperature, time of day, home
heating, infant feeding, and infant birth weight were
also found not to be confounders or effect modifiers of
the relation between excess thermal insulation and the
sudden infant death syndrome. Infant sex was not a
confounder of this association but a significant inter-
action term (p=0 03) was present in the model,
suggesting that the effect of excess thermal insulation
was stronger in females than males.

O CASES WITH INCOMPLETE DATA

Thirteen cases of the sudden infant death syndrome
* occurred within the source population for which there

was no death scene investigation. Information on the
death scene of these infants was obtained by question-
naire six weeks after the death. Twelve of these cases
were matched to two controls and one was matched to
only one control (for age and birth weight).

5 The average total insulation in these cases was 7 3
(SD 3-0) togs. The average total insulation in the
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controls was 5-7 (SD 3 4) togs. Nine cases (69%) had
home heating on during the time between last being
seen alive and being found dead compared with 15
(63%) of controls. Nine cases (69%) usually slept prone
compared with eight (32%) controls. Thus, there was a
similar tendency for these cases to be overdressed,
more likely to have home heating on, and more likely to
have usually slept prone compared with control
infants.

Discussion
We found infants who had died of the sudden infant

death syndrome to be significantly overdressed for
a given room temperature compared with control
infants. These findings add to the accumulating
evidence that hyperthermia is important in sudden
unexpected infant death. Our study is based on direct
observation of the thermal environment at the death
scene and therefore avoids the problem of bias from
parental recall bias. In addition the control infants
were visited unexpectedly to avoid measurement bias
and external climatic conditions were held constant
within the study design.

Disadvantages of this study are that for cases the
measured room temperature is not the actual room
temperature at death and that the ambulance officers
described only the observed clothing and bedding and
hence altered items may have been omitted. Although
two of the 28 infants were found completely under the
bedding, this was not taken into account in the surface
area calculations as similar information was not avail-
able for controls. The use of a weighted average value
for the polyester cot quilts of cases and controls makes
estimation of thermal insulation less accurate. These
disadvantages would, however, be more likely to bias
the results towards the null hypothesis and hence the
finding of a significant association between the sudden
infant death syndrome and a warm environment is
important.
Mean tog values for case bedding were similar

whether ambulance or parental reports were used. In a
few cases, however, the reports disagreed. In some
cases it seems that bedding was removed or altered
before the ambulance officers recorded observations
and in others recall bias may have contributed to the
discrepancy. Recall bias would be more likely to
be a problem in our follow up parental interview,
conducted at six weeks, than in the study of
Fleming et al, in which the parental questionnaire was
administered within 72 hours of the death."

OTHER FACTORS AFFECTING THERMAL STATE

Room temperature and the clothing and bedding are
only two of several factors which will contribute to the
thermal state of an infant. Nelson et al have produced a
theoretical model of heat balance which takes into
account some of these additional factors.'4 The prone
sleeping position will reduce heat loss by reducing the
body surface area available for heat loss. In the heavily
dressed infant, the head has an important thermoregu-
latory role which will be compromised by placing the
head down or underneath bedding. Respiratory heat
loss, which accounts for around 7% of total loss22 will
be reduced by facial obstruction. A high ambient
vapour pressure will reduce evaporative heat loss.
Infection increases the infant's basic metabolic rate and
increases heat generation.

In our study not only were case infants more likely to
be overclothed for room temperature than control
infants but they were significantly more likely to be
prone and they were also more likely to have a history
of recent illness, although this difference was not
significant. In addition, more than a third of cases had
some evidence of facial obstruction at death and some

infants were found completely under bedding. Given
these additional factors and the finding that cases were
in a significantly higher thermal environment than
controls, it could be inferred that the infants who died
were in a relative state of hyperthermia compared with
controls. Consistent with this, the recorded body
temperatures for cases were not low, even though the
readings were taken, on average, seven hours after the
infants were last seen alive.
We chose the thermal environment model ofClulow`

rather than the more complex model of Nelson et al.
Firstly, information was not collected on all the factors
required to calculate actual infant heat balance.
Secondly, the separate effects of prone sleeping posi-
tion and illness on the association between excess
thermal insulation and the sudden infant death
syndrome would be more difficult to assess with a more
derived model. We found no evidence to support the
hypothesis that prone sleeping position alters the
association between excess thermal insulation and the
syndrome. However, the sample size may have been
too small to detect an interaction between these two
factors.
The thermal environment of both cases and controls

was found to be higher in those infants with evidence of
illness than those without. Parents may respond to
infections in their babies by increasing the amount of
clothing and bedding"3 or warming the infant.24 This is
clearly concerning and has implications for health
education. The finding that the positive association
between excess thermal insulation remained after
adjustment for illness status excludes the possibility
that the association was due only to illness.

FURTHER WORK

Tasmania has a temperate climate and only a small
proportion of homes have central heating (1% of
infants in the concurrent cohort study live in centrally
heated homes).'5 Even so, the proportion of infants
who were underdressed for room temperature in this
study was low. We are therefore unable to comment on
the relation between hypothermia and the sudden
infant death syndrome but will continue to collect
information on the thermal environment of infants
dying of the syndrome. Additional information is also
required to examine whether our finding that the
strength of association between excess thermal insula-
tion and the sudden infant death syndrome varies by
sex also exists in a large study sample after adjustment
for other factors.

Although the pathogenesis of the sudden infant
death syndrome remains unclear, it may be considered
as a biphasic event with the first set of factors operating
to predispose the infant and the second set of factors
acting as loading factors which operate at a critical
stage of the infant's development. A warm environ-
ment could lead to sudden infant death bv direct
hyperthermia,'4 thermolabile syncope with cerebral
ischaemia,2' impaired respiratory control,5 enhance-
ment of the laryngeal closure reflex,27 altered sleep
state,)' or depressed arousal.29 An asphyxial mode of
death would also be more likely, particularly in heavily
dressed infants found prone and face down.

In conclusion, we found infants who died of the
sudden infant death syndrome to be significantly more
likely to be overdressed for the room temperature at
the death scene and in the prone position compared
with control infants. These findings support a previous
recommendation that "educating parents about sleep-
ing position and correct thermal care of their babies
may help reduce the incidence of sudden infant
deaths."'5 Further work on the thermal balance of
infants at the time of sudden death is required, and
parental guidelines on appropriate thermal care of
infants should be developed.
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Can the fall in Avon's sudden infant death rate be explained by
changes in sleeping position?

Ruth E Wigfield, Peter J Fleming, P Jem Berry, Peter T Rudd, Jean Golding

Abstract sleeping, suggesting a causal relation exists between
Objective-To examine the impact of changing them. Side and supine positions confer protection

practice with regard to infant sleeping position on but the side position is unstable and the infant may
mortality from the sudden infant death syndrome. roll prone. We therefore recommend supine as the
Design-A population based study of all infants safest sleeping position for babies.

dying suddenly and unexpectedly during February
1990 to July 1991, and two groups of controls; one
comprising every 125th baby born to Avon residents Introduction

Institute of Child Health, and the other comprising pairs of infants matched to The prone sleeping position has been associated with
Bristol BS2 8BJ each index case for age, neighbourhood, and date of a higher risk of sudden infant death than the side or
Ruth E Wigfield, MRCP, study. Information about sleeping position was supine position in every published controlled study
research Flellow

,
FCcollected at home visits soon after the index baby's that has considered it. The calculated relative risks

PesuternJFleming, RcPan death or, for the population based controls, on vary between .1 *9 and 12-51If this association were

Jean Golding, PHD, professor several occasions in the first six months of life. The causal a change in practice with regard to sleeping
ofpaediatrt'c and pen natal design was comparable to that of an earlier study of position within a defined population should lead to a
epidemiology the same population. parallel change in the sudden infant death rate. Pre-

Setting-County of Avon. liminary results from the Netherlands and Australia
BrstoMcal' Hospital Subjects-35 infants who died suddenly and un- suggest this may beSO2
BPisto BS2ry8RCPG expectedly (32 of the sudden infant death syndrome), During November 1987 to April 1989, while the
profemsoBfperr, RCatHc 70 matched controls, and 152 population based prone position was still being actively encouraged, a

prtofesorg fpadati controls. population based, case-control study in Avon found a
pathology ~~~~~Results-The prevalence of prone sleeping in the relative risk of 8-8 for the prone position.' These

Bath Unit for Research into matched controls was much lower than that found in results aroused considerable interest and debate and
Peit Ics,Bat BDA 3NITr an earlie-r studiAy in Avortn (28%O/ (18Q/64) 1990i-1 v, 58%01 promp"rted manyr local -1he lth are rfesonl to% alte-r


